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1. IRBEVEBSIBIJ EYDROq)LLOIDS

1,1 TUTRODUCTIoN

A mucous extractlon fron brown seaweed (Lamnerla Cloustenl) has

been known for almost, a hundred years. Origlnally named

ralglnr, it's use as a dental lmpresslon naterlal was first

paEented by a chenlst, S.t{illian Wllding in 1941. (Phllllps

1973 ) .

War-tLme difflculty in obtalnlng the more co-.only used and

popular agar lnpresslon materials resulted in the improvement

ln the algin materlal to becone the irreverslble hydrocollold

material known as alginate.

In 1943, Schoonover and Dickson stated Ehat Ehe basic

lngredlents of these materlals are a soluble alglnate (sodlum,

potassium, or aurmonlun alginate), inert flller materials

(calciun carbonate, magnesiuu oxlde, calcium sulphate, zLnc

oxide, etc.) and a small amount, of a soluble phosphaEe, usually

Erlsodiun or tripotassium phosphate.

Buchan and Peggie (I966) Lnvestlgated the effects of some of

Ehese lngredlents on the handling characcerlsElcs and physical

properties of a commerclal alginate available at the tloe. They

found that high proportions of the alglnate salE promoted

improved resllience; Ehat calciun sulphate dlhydrate with or

wlthout the henlhydrate produced a trore acceptable iupresslon

natertal than the hemlhydraEe alone; Ehat indlvidual flllers

exerted a profound effect on handllng characterlsElcs and gel
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propertles; and that Erlsodlun phosphate ln excess lengthened

the setttng t.lBe, deEracEed frou the elasElc propertles, and

reduced the hardness of the lmPresslon.

t, 2 CHEMISTRY COMPOSITION AND STRUCI'I]RE [Mainly fron PhllllPs

and Combe , L977 l

In current alglnate lmpressl-on magerlals, sodLurn and t,riethanol

amine alginate are used, t,he only other soluble salts being

those obtained wlt,h potassium and ammonLum. The salEs are held

to be llnear polymers of anhydro-beta-d-uannuronl-c acld. The

slructural fornula ls as follons:

:o

When the alginlc acld is changed to a soluble salt such as

sodlum alglnate, the cation Is attached at a carboxyl Sroup to

form an ester or salt. The raolecular welght of the alglnate

salts varies conslderably, dependtng on how many nolecules are

jolned on a long chaln. (For sodtun alglnate a flgure of

185,000 has been gtven).
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When ulxed wlth rdater the soluble alginates form a sol simllar

to Ehe agar sol. To chemlcally lnduce gelatlon' an lnsoluble

salt must be formed. When Ehis ls forned by the reactlon of

sodlum alginate in solutlon wlth a calcium salt, for example,

Ehe calcium lon may replace Ehe sodium ions in Ewo adjacent

molecules to produce cross-llnklng between the molecules. As

the reactlon progresses, a cross-linked molecular conplex or

polyner network forus whlch const,ltutes the brush-heap gef

structure, and the flbrlls are thus held by prinary bonds. The

reacELon can be represented by the fornula:

NanAlg + n/2 CaSO4 n/2 Na2SO4 + Can/ZALg

The cross-llnkage beEween ftbrlls via calcium atoms Prevents

the uovement of one flbril over another and thus reslsts

permanent deformatlon of Ehe ge1.

The source of calcium lons 1s calcium sulphate, which provldes

calcium ions at a fairly slow rate so Ehat only the ouLer layer

of each partlcle of sodium alglnate dlssolves. However, the

above reactlon w111 actually occur at a rate greater than is

practical for use as an lmpression mat,erial, and hence a

retarder ls added. Itts purpose is Eo reduce the number of

calclum ions available for reaction, by selectlvely removlng

them ln a reactlon whose course and end product w111 not alter

the propertles of the final gel. Trisodium phosphate, sodlum

phosphate and tet.rasodlun pyrophosphate have all been used.
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The retardlng reactlon can be represented as:

2Na3P04 + 3CaS04 cal(J04)z + 3Na2so4-+

This reactlon w111 occur preferentlally untll the trlsodlum

phosphate ls used up, when Ehe renalnlng calclun ions w111

react with Ehe alglnaEe to produce the gel.

The flnal gel st.ructure w111 be a brush heap of a calcium

alginate flbrll network encloslng unreacEed sodium alginate

soI, excess water, reactl-on by-products and flller Partlcles.

F1Iler part,lcles are uainly present to lncrease the strength

and stlffness of the gel; to produce a strooth texture and flrn

surface; and to ald ln dlsperslng the alglnate powder Partlcleg

in the water. As stated above, Buchan and Peggie (1965) found

that f1llers can have a profound effect on handllng

characterlstlcs and gel propertles.

Modern rnaterials now use very dlfferent chenlcals than those ln

Ehe early alglnates, but t,he prlnciples of thelr lncluslon are

stlll Ehe same, and calcltrm sulphaEe sElll apPears to be used

as the reactor.
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2. DETTAL GYP$'il PRODUGTS

2rL IMRODUCTION

Gypsun ls a mineral that ls widely dlstributed ln nature and

mlned in varlous parts of the wor1d. Dlfferent forms of lt have

been used by man for a long tlme (the blbltcal 'alabasterr ls

presumed to be a foru of gypsurn), and plaster has been recorded

for use ln maklng dental casts slnce 1756. (A.D.A., L976.

Phtlllps, 1973). In 1884 Le Chateller proposed a theory for the

hardening of plast.er, amd nany workers slnce have contrlbuted

to present knowledge of lts chemlstry (Falrhurst 1960).

2, 2 CHEMISTRY AND STRUCI'I.IRE Ifron Phlllips 1973, Combe L977)

The baslc ingredlent for plasEer, dental stone and high

strength dental stone, and gypsum bonded lnvestments ls a

hemi-hydrate of calcltrm sulphate. The uain dlfferences between

the baslc powders lle wlth variat,lons in Ehe size, shape and

poroslty of the partlcles produced by dlfferent Eethods of

manufacture.

The hydrates of calcium sulphate are sumnarlsed in Table 1.

2,2'L Dental Products

Dental plaster has calcLned calclun sulphate hemlhydrate as its

maln constituent together wlth chenlcals to control the setElng

tlne. Model and die materials are based on autoclaved calcium
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sulphate henlhydrate plus addltlves to adJust Ehe seEtlng ttme, and

colourtng plgnents.

f4!ll4 I: Hydrates of calclum sulphate

Mlneral source By-product of other indusErteg

calclurn sulp te dlhydrate, gypsurtr, CaSO4rH2O

heat ln an open
vesselr l20oC

heat ln autoclave
under stean
pressure ,120-130 "

heat ground gypsuu
ln water wl.th
snall quantlty of
organlc acld or
salt, ln an
autoclaver l40"C

I
II

auEoclaved
calcLu.m sulphate
hemlhydrate (some-
t,lmes called I CY-
hemlhydrater )
(CaSo4 )2,H2o

heat ln boIl-
Lng 30%
solutlon of
calclum
chorlde or
magneslum
chlortde

Icalclun sulph-
aEe henl-
hydrate (soue-
tlmes called
tdensiter;
sinllar to
autoclaved
material
(CaSO4),H2O)

calclned caclum
sulphaEe herni-
hydrate (sone-
Elnes called the
I p-hemihydrate' )
(CaSo4 )2,H2O

autoclaved
calclum sulphate
henlhydrate (sone-
tlmes calledrhydrocalt or Cy-
hernihydrater )
(CaS04)2,H2o

heat f 
200'C

t
hexagonal calclun sulphate

(soneEtmes called rsoluble anhydrater )
Ca.SO4

I
heat )200 "C

orthorhombic Lalcium sulphate
(sonettmes called'lnsoluble anhydrlte' )

CaSO4

[fron Conbe, L9771
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212.2 Setting reactl.ons

Addttion of water to che hemihydrate causes Ehe foroatlon of

the dlhydrate, whlch ls thus the reverse reactlon whereby the

henlhydraEe ts formed:

(CaSo4)2.tt2o + 3H2o 2CaSO4.2H2O + Ileat+

The preclse nature of the settlng reactlon has stlll not

satlsfactorlly been eluctdated buE has been sunmarlsed as

follows:

After nlxlng the henlhydrate wlth water, some dlssolves, givlng

Ca2* and SO42- ions. At normel rootr temperature, the solubtllty

of henlhydrate ls approxlmately 0,82 and of the dlhydrare,

O r27"; the dlssolved hemihydrate Ehus forns Ehe dlhydrate in

solutlon, whlch ls then supersaturated. Crystal growth of the

dlhydrate occurs fron this solutlon, on nuclei of

crystalllsation whlch may be crystals of gypsum lnlElally

present as an lnpurit,y; dlffusion of t.he Ca2* and SoO2- ions to

these nuclel takes place. The crystals formed are

characteristlcally needle-llke clusters ('spherulites' ); Ehe

final rigid structure of the set gypsum Is t,he result of the

lntermeshing and enEangling of these crysEals.

If Ehe equLvalent volumes of the hemihydrate, water and the

reactlon product are compared, a calculated volume contracEion

of 7 1112 occurs during the settlng. However, settlng

expansion ls actually observed, and this apparent paradox is
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accounEed for by conslderaElon of the mechanlsm of

crystalllsatlon, together wlth Ehe fact that excess water is

requlred to produce a workable consLstency. Crystal lmplngenent

and movemenE results ln the productlon of mlcropores so thaE

the reactlon product ls greater ln erternel volume but less

ln crystalllne volune.

The final structure lmmediately after seEting ls one of

lnterlocklng crystals between whlch are mlcropores and pores

contalnLng the excess rrater required for mlxing. On drying,

the excess water ls 1ost. The greater Ehe water/powder ratlo,

the greater the porosit,y, as there wlll have been fewer nuclei

of crystalllsatton and thus less lntermeshlng of the gypsun

crystals.

2 2.3 Addttives

There is a general relatlonship between the type of chemical or

material and its effect on the setting time. Retarders absorb

onto the surface of the hemihydrate particles or the growing

gypsum crystals and so reduce the dlssolutlon of the

henlhydrate or the crystalllsation of the gypsun. Accelerators

lncrease the latter processes.

Chemlcal accelerators and retarders also generally reduce Ehe

settlng expansLon. The theory of such effects is stlll obscure,

but may be related Eo changes whlch Ehey produce ln the shape

of the crystals formed.
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Sodluu chlorlde, potasslum sulphaterand sodiun potasslum

tartrat,e Ln 27" solutlone are all known Eo reduce settlng tlme,

compressive st,rength and llnear expanslon. One of t.he most

effectl-ve reEarders ls borax ln any concentratlon, as calcluu

boraEe forms whlch deposlts on Ehe nuclel of crystalltsatlon

(rpolsonlnS'), effectlvely reduclng the rate of

crysEalllsatlon. Poisonlng of nuclei also occurs ln the

presence of uany collolds.
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3 TEE INIEBACTION BEIIJBEN AIGITIATE AIID DENTAL GYPST'}I

Slnce a hydrocolloid gel consists predomlnantly of water

loosely enclosed wtthln the gel flbrtls, this waEer will

evaporate lf the gel ls exposed to an unsaturated aEtrosphere.

Thls loss of water uay be accompanled by an exudat,lon ln a

process known as syneresls, whlch, however, nay occur wlthout

the slnultaneous loss of waEer. The syneretLc exudate consists

of some of the uore soluble constl.tuents of the geI.

As stated prevlously, collotdal gels are known to be retarders

of gypsun products, and thus t,he syneretlc exudate from an

alglnate gel wlll have an adverse effect on the settlng

reactlon of the dental plaster or stone in contact wtth lt.

Thls was recognlsed early on ln the use of these maE.erials.

Sklnner and Pomes in 1946 reasoned that lf an impervtous flln

of some nature can be formed over the surface of the

impression, no uolecular change can take place between Ehe

lmpresslon material and the atmosphere, with no resultant

syneresls. Such a fllm can be produced by soaking the formed

gel ln any metalllc salt that will produce an lnsolub1e gel.

The rflxingt solution should preferably contaln sorne type of

accelerator for gypsuE so that any reEardlng effects of Ehe

products of syneresls ls overcooe, and the surface of the cast

will be unaffecEed. Skinner and Pomes (1946) lnvesElgared

varlous flxlng solutLons wlth this polnt ln mlnd, and also Eo

ensure Ehat they would produce no dLuenslonal change. They

could recommend no partlcular solutlon or concentratlon as

being t.he best, buE concluded Ehat copper sulphat,e was
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contralndlcated slnce it produced a contractLon of the ge1.

More lmportantly, they found Ehat Ehe concentratlou of the

flxing soluElon affected the dlmenslonl stabl1lty of the

lmpresslon naterial investlgated, withln certal-n llnits. WiEh

some of Ehe solutlons used, (e.8. magnesium sulphate, zite

sulphate), unknown phenomena E,ook place, but iE can be shown

EhaE with potasslum sulphaE,e, the effecE can be related Eo

osmotlc pressure between Ehe solution concentratlon and the

gel. One of the original products of reaction beEween a soluble

potassium alginate and calcluu sulphate is poEasslum sulphace

ln solutlon. Thls ls probably the dispersion medlum of the gel

and its osmotlc pressure will largely determine the evenEual

stabillty of the gel. Consequently if Ehe flxing solution of

potassium sulphate has the sane osmotic pressure no change in

dlmension w111 occur. llowever, by the same token, lf lt is

present ln excess, the original reacElon nay be reversed and

Ehe lmpression will dislntegraEe. A solutlon of 27" or less has

been found not to cause Ehis reversal or dlsintegration,

provlded iumersion of the impresslon does not exceed I0-15

mlnutes.

In 1965, SkLnner and Gordon invest,lgated Ehe surface hardness

of dies produced by both lrreversible and reversible

hydrocollold lmpressLons. They found EhaE Ehe surface hardness

of model plaster was noE affected by hydrocolloid gels, and

that fixlng solut,ions improved the surface hardness of

atone dies. They advised thaE the opElmum composiElon and

concentraElon of the hardening solution uay vary from one
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commerclal hydrocolloid to anoEher, and Eherefore Ehat 1E

should be specifted by the manufacturer.

By 1959, however, manufacEurers seem not to have heeded such

advlce, as tests carrled out by Hosoda and Fusayaua showed that

all unflxed alglnate lmpressions produced much worse model

surfaces Ehan Ehose produced by flxed lnpresslons. A11 Ehe

manufacturers of the ftve alglnaEes Ehey Eested direcced uhat

no flxing was necessary. The fixing soluElon advised by these

authors was l-2% zlnc sulphat,e.

Smith and Fatrhurst (L962), found that gypsutr cast agalnst

alginate exhibtted high concentratlons of residual henlhydrate

ln the surface as conpared with specimens cast agalnst glass or

a freshly ground gypsun surface. This resldual hemihydraEe was

reduced Eo some extent by the use of a potassiuro sulphate

fixlng solutlon which dld not, however, overcome the ret,arding

action of mosE of the hydrocolloids on the surfaces of the

dental stones used ln Ehe study.

In an lnvestlgation of available alginates published in Brltain

in 1963, Wllson and Smlth staEed chat flxing solutlons were noE

considered necessary and were not recommended by any of the

manufacturers of the alglnaEes used. Howeverrthey found that,

Ehe condiEion of the cast surface of the sEone ( rKafflr D' was

used) was conslderably affected by the lmpresslon materlal:

some had a satlsfactory surface, whilsE others lrere very chalky

and soft.
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An Australlan study in 1965 (Chong, Chong, and Docklng) agaln

lllusErated EhaE Ehe phenomenon of lncompatibtlity of some

alglnates and gypsun products was still quite real, but failed

Eo clarlfy Ehe problem. No flxing solutions were used in this

study, nor were they in rhe sEudy by Morrow et al (i971) which

again showed up incompatlbillty of certain alglnate/gypsum

combinatlons. This lnteractlon between brands has also been

conflrmed by 0wa11 and Nllner (f973).

IE can be seen frorn t,he above that Ehe problem of incompat-

lbiltty of some alglnates and some gypsum producEs has not

really been solved, nor have Ehe precise trechanisms been

elucidaEed whereby some combinations achieve beEEer results than

others. It obvlously has Eo do with Ehe composiEion of each

naterial used, but Eo discover what consEltuents creaEe the

compatlblllty or incoupatibtllty is exEreuely difflcult.

Civjan, HugeE and de Simon (L972), investlgatlng the effect of

various storage oedia on alginaEes suggested thaE soue of E.he

syneretlc effects could be explained in Eertrs of the ilofueister

serles. Ttre coagulaElng effect of a given salt depends on Ehe

nature of lts ions, and the salEs of a glven metal, for

insEance, can be arranged in order of thelr decreaslng abllity

to cause preclpitaElon of lyophtllc substances from colloidaI

suspenston. The resulting arrangemenE ls called the Hofnelster

series or Ehe lyotropic serles; Ehe order of anions, for a given

catlon, is

Sot+-z ) CZHI oZ' ) CI- >NQ- )C103- > I- >CNS-,
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while thaE of cations, which have a smaller influence than

anlons, is

l,tg+2 ) ca+Z ) sr+2 ) sa+2 )Li+ > ua+ )t<+.

(Glasstone and Lewls, 1968)

Philllps (1973) states EhaE whenever sodlum or potasslum zlnc

fluoride, sodir:m fluoslllcaEe, or sodiun fluotitanaEe are t,he

fluorldes present ln the algtnate, Ehe use of a hardenlng

solution of zLnc sulphaEe w111 have llttle or no benefit, but

Ehat. it should be used when other double fluorides are Present.

No evldence for thls stafenent 1s presented.

In each parE of Ehe world dlfferent alglnate and gypsun

materlals are manufactured or are available. The last study

publlshed on compattbillty was in 1973 in Sweeden (6wa11 and

Nilner), and only two of the materials used (ZeLgaa, Vel-Mlx)

are available ln South Africa at thls Elue. The purpose of thls

study is prlmarily therefore to discover the compatible and

lncompat{ble combinat.lons of alglnates and dental plasters and

stones avallable, and to lnvesElgate Ehe use of readlly

avallable fixing solutions on such combLnaElons.
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4 TEE ASSESUETT OF CO}IPATIBILIfr

4rL METHODS USED AND DEVELOPMENT OF STANDARDISATION

In 1959, Hosoda and Fusayama quoted an earller paper by l"Illler

et aI who used a fine llne 0.040 rnm wide cut on an original

nodel surface, and suggested Ehat an lnpresslon failing Eo

reproduce chls wide a llne on a stone model might be lnadequaEe

for an indirecE Eechnique for inlays or cro\rns. Hosoda and

Fusayama were lnterest.ed 1n using alginates Eo produce as good

a surface as the mercaptan-based materials in use aE Ehat

time. They oodlfted Millerr s method and used lines of varylng

widEhs cut on a brass plate with a steel cutt.er whose sides met,

at 90". Ihe llne wldths were 0,008i 0r010; 0,020;0,030; and

01040 mm in width. A mlcroscope whlch roagnifled 40 tlues and an

oblique illuninatlon were used Eo examine the reproduced llnes

and surfaces of Ehe stone models.

Ayers and co-workers (1960) developed a different detail

dupllcatlon t,est Eo evaluate elastomeric impresslon naterials.

Thelr Eest models were stainless st.eel cyllnders on whlch were

placed a pattern of Knoop indenEat,lons, each paEtern consisEing

of E.hree scales of seven indent,at,ions, whose dimensions varied

from a length of 0,034 mm and depch of 01002 mm Eo a length of

O1422 mm and a depth of 0,028 mm. The numbers of lndent.aElons

on each scale reproduced by Ehe various naterlals urere Ehen

quantlfied.
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Chong er al (1965) ment,ioned Ehat the AusEralian SEandard T.l5

for alginaEes had a gypsum compatlblllty tesE t,hat requlred the

plasEer or stone Eo be poured int.o an lnpression Eaken of a

metal model. They felt,, however, Ehat many producEs that passed

thls test sEill left much to be desired cllnlcaly. Therefore

Ehey evaluaEed casts poured into impresslons that had been

Eaken ln the nouth ln the normal way. Evaluatlon of surface

quality was on a scale of a half to four, ln intervals of a

half.

In 1968, the Councll on Dental I'laterials and Devices of Ehe

American Dental Assoclatton accePEed Speclflcatlon Number 18

for Alglnate Impresslon Materlals (A.D.A. 1968). This, briefly'

requlres the impresslon nat.erial to imPart a smoogh non-chalky

surface to, and separate cleanly from, a gyPsuu cast made from

unoodlfied alpha calcium sulphaEe hemihydraEe. The cast poured

agalnst the EaEerlal uust reproduce' over a 30 mn length, a

llne 01075 mn wlde having an included angle of 60o, scrlbed on

a stainless steel Eest, block. The gyPSuE itself nust be capable

of reproducing a sirnilar llner 01050 um wide, when allowed Eo

harden agalnst Ehe t.est block. Evaluation is carried out under

low-angle lllumlnation without magnif lcaElon.

Morrow and colleagues (1971) tested the compatibility of

selected alglnaEes and selected dental stones. They used

alglnates that had been certlfied as meet,lng Ehe Amertcan

DenEal AssociaElonts speclflcation No.I8, and used chat

speciflcatlon as Ehe basis for their t,ests, wiEh sooe

nodlflcatton of actual procedure. They found Ehat all casEs
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reproduced the 0.075 mm Ilne saElsfacEorlly, but EhaE Ehe

surfaces of the casts varied. The 0.025 m llne was used as Ehe

criEerlon and observaElon s35 oade under nagnlfiction (X10)

with reproducible lotrangle lllumlnatlon. Thls procedure

creaEed Ehe requlred dlscrimination and enabled the authors Eo

show dlfferences in compaElbillty between Ehe various maEerials

tes ted.

0wa11 and Nilner (1973) departed from Ehe A.D.A.-type standard

as they felt thaE only a few investigaElons had dealt with rhe

ablltty of ruodel naEerlals to ftll out lgPressions of edges and

corners. The sEainless sEeel npster they used \das a Eruncated

cone-shaped model with a serrated top turned as a section of a

screw wlth nine 60" threads. Handllng of materials differed

uarkedly from Ehe A.D.A. spectfication. A measuring olcroscoPe

was used t,o evaluate results.

In 1978, IS0 (the InternaElonal Organisation for

Standardisation) published their revlsed version of Standard

ISO 1563-1978(E) for alglnate dental lmpression maEerial. This

requires the reproduct,lon of llnes of varying widths cut in a

stalnless sEeel block, and no studles have as yet been

publlshed utillsing thls standard. -A.s thts forms Ehe basls for

the meEhod used for assesing compaEibilly in t.hls sEudy, iE is

described fu1ly in the nexE secEion.
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5. I{ATERIALS USEX)

The alginate and gypsun materlals were donated ex sEock fron

dental supply companles, and are llsted in Tables II and III,

Ln alphabetical order. Table rrr also shoss the recoomended and

used water/powder ratlos.

In additlon, as staEed, the poly-eEher uaterlal Impregum (ESpE,

Germany) and the poly-sulphlde oaterlal permlasti.c Regular

(Kerr, U.S.A.) were used in Phase l. (see later).

Chemically pure poEassluo sulphate and alum were purchased in

powder form and rnade into solutlon by the addirlon of dlstilled

\ra t,e r.

The 50/50 combinaEion of Plaster of Parls and yellow stone was

nade by mixing equal quanEitles of each by weight, and then

determlning Ehe trat.er/powder raElo as for the oEher products.

(see later). Thls coobination was used because lt was felt

thaE tt ls frequently used by dental laboratorles, with or

wlthout the knowledge of t,he dental practitloner.

The standards to whlch the manufacEurers clalm conpliance for

Eheir alglnates are llsted ln Table IV, together wlth

recommended gypsum products.
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TABIJ II ALGINATES USED

ALGINATE MANUFACTT'RER BATCH NO.

Blueprlnt Rapid

Colourgel

G-C Fast-seE Technlcol

G-C Verlcol Aroma (pink)

Kalginate, fast-set

Kerr Alginat.e, f ast-set

S S White, normal set

Zelgan Green, fast-set

ZeLgan Pink, normal set

De Trey, England

Wrighc Dental, Scotland

G-C Dental, Japan

G-C Dental, Japan

Lee-Srolth, U S A

Kerr, U S A

S S White, England

De Trey, England

De Trey, England

AJ75 8r/09

5792

2FCL7

28L29

004018

L3244

0I1108

zB10

YK13
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6. UETEODS

5r1 INTRODUCTION

The Internattonal Standard (IS0 I563-1978(E)) for alginate

dental impresslon materials speclfies a test for compaciblllty

wlth gypsum and detall reproductlon utillsing a ruled Eest

block and moulds. The alglnaEes are classifled according to

their ablllty Eo reproduce li.nes of varying widths on gypsun

casts, and ruust. lupart a sEooth surface tor and separate

cleanly from, such casts.

6, 2 TEST BLOCK, MOULDS AND CLASSIFICA TION REQUIREI'IENTS

The ISO 1563 speclficatlon for Ehe Eest blocks and moulds is

appended (page 24). The test block and moulds B and D were

obtained fron Oslo, Norway, and duplicates of moulds B and D

were then made locally. (see Figs. 1 to 4, pages 25126)

ClasslflcatLon ls based on cIlnlcal appllcatlon and settlng

time as follows:

Type I: fast settlng - staEed seEEing tlne of 3 mln or less

at 32"C

Type II: nornnal set.tlng - staEed setting Elme of uore Ehan 3

nln and less Ehan 5 uin at 32" C
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Class A: sultable for crown or inlay impresslons

Class B: sultable for denture lmpresslons

Class C: suitable for sEudy uodels and indivldual Eray

lmpresslons

Classes ArBrC, are deslgnated according Eo vlscosity and

pelTanent deformation tests as well as detall reproductlon. As

t.his study ls only concerned wiEh Ehe laEter, the requirement

of t,hls Eest only ls staEed as f ollows:

Class A: reproduce ltne wldth 0,020 nn

Class B: reproduce Ilne wtdth 01050 an

Class C: reproduce llne width 01075 nm

Gypsrn: The Standard speciftes that the following shall be

reco.-ended:

Por Class A algtnatess at least t.wo brands of alpha modifled

gypsun (characEerised by a waEer/powder ratlo of

about 0,23 ) and one brand of alpha gyPsutr

(characterised by a water/powder ratlo of 013).

For Class B alglnatea: at least one brand of alpha oodlfied

gypsun and two brands of alpha gypsun.

Eor GLass C algloatea: at least Ewo brands of alpha gypsuo.
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lmpruion mrtari.l mould B

rso 1563-1978 (El

Rul.d t-t block A

Dimensions an millimetres

Gyparm mould O

ca

Rhrr C

29,97

2,30

AilJ)-
(\

ln
a,i

o-
(I,

o-
(t

S.ction A-A

Spcifac.tiona

Materials

Ruled block :

Aust€nitic stesl for ca3tingB

lmprersion matarial mould :

Aurtenitic itainlers f ree+utting steel

All othcr partr :

Erasr

-__9qq,-q.*
*_899,_0

0 s0,0

Surface finish

Ruled surface : 0,1 1rm R 

"max.,scratch -free.

All other surfaces : 4,0 pm 8. max.,
unless otherwise specif ied

Tolerances.' 0,1 mm to one decimal place

CD

0 41,0

02,30

R 17,OO

Sction D-D

Ruhd trt blod( A

Ruled line widthsa ltml
Linea:50t8
Lineb:20t4
Linec:75 t 8
Lined:75t8

' All lines have 90" included angle.

DcBIB

2,5
5,0

R 17,OO
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(!,

a,O
(ci(.,

a-
rl o.

o
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o-
(r,

Soction 8-B S.ctaon C.c

Ruhd t6t block for dctrrmining comp.tibility with glyp]rm rttd dttlal rcproduction

o-
@
c)d

-d
A

.it' I
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EfG.l. Test block with grooves arbrc as shorrn

ETe.z. Impresslon materLal nould B on glass slab wLth cotton-
backed surglcal adheslve tape.
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EIG.3. Test block fitted lnside lmpressLon material nould

ELG.4. Gypsr:n nould D contalning gypsuu placed over mould B

containlng alginate

t
F"ire,-,'-''
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6 3 I'{ETHODS : Phase I

5,3'l Procedure for alginate/gypsum combinatlons

The following descriptlon of the actual procedure used closely

follows that laid down ln ISO 1563 ("the Standard")'

For each Eest, a flat glass plate was covered wlth coEt'on-

backed surgical adhesive tape, sufficlenrly large Eo be a base

for Ehe lmpression materlal mould (nould B). (see Flg. 2) .

The volumeErlc contalners provided with each alglnate were used

for Ehe dlspensing of the quanEitles recoouended by each

manufacturer. Distilled water was used throughout, and room

Eenperature \{as 22 * L" C. The alginate and water were hand

spatulated for 60 seconds or less according to the

uanufacturers lnstructlons. Hand spatulatlon was chosen as it

was felt that (a) thls ls Ehe most commonly used roethod In

clinlcal practice and (b) lt has been shown that nechanical

spatulation with an alglnaEor does not by itself guarantee Ehe

elinination of alr bubbles of slgnificant dimenslon (Relsblck,

Garrett and Solth, 1982). The use of water at teEPeratures of

3o, lO", and 20" has been shown to produce lmpresslons that do

not appear ro dlffer from each other in accuracy (Harris,

L969). The EemperaEure of Ehe water used EhroughouE was

21 + 1"C.

The Standard recognises the fact that, desplte Ehe smooEh

some alglnates nlghEsurface speclfied for the Eest b1ock,
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stlck to it : "If the alginate adheres Eo the surface of Ehe

ruled Eest block, dust, Che block wlEh talcum prior to use and

blow away any excess powder". IE was found thaE wlEh some of

the alglnat,es this was lndeed the case, but it was also found

that dusElng wlth Ealcum only exaeerbaEed Ehe problem, and

furthermore clogged up the ruled lines. Therefore iE was

tlecided Lo use a layer of sallva on Ehe block Eo overcooe Ehls

problem, lt also belng felt that thls mlght helP to simulate

cllnical condlEions. This improved Ehe situatlon ln most cases

except thag occasionally Colourgel stlll adhered in Parts, and

S S White alginate displayed small spoEs of adhesion. In

nelEher case dld Ehe adheslon lnterfere with Ehe recordlng of

Ehe ruled 1lnes.

Thus, aft.er ruixing the alglnate |t was placed lnto uould B and

sllghtly overfllled. The test block was then pressed down into

the mass of alginate and the assembly imnedlately placed in a

water-baEh naintained aE 32 t LoC and loaded wlEh a I kg.

weight (see Flg.5). The temperaEure of Ehe waEer-bath is that

advlsed by che Standard, although it. has been shown ln one

study that an alglnate aEtained a t,emPeraEure ln the Eouth

after four mlnutes of 28r6 t 0r4oC (nlborn and Wilson, 1965)'

Exactly 3 mlnuEes afEer placement ln the waEer-bath, the

assembly \das removed and Ehe EesE block separated frou Ehe

mould. The alglnaEe surface hras rinsed with distll1ed water and

Ehe excess shaken off. Mould D was then placed over mould B and

Ehe gypsum prepared.
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trIG.5. Test block and inpresslon material mould assemblLed (as
per Fig. 3), placed ln water-baEh, and loaded wlth 1 kg.
welght. Background shows some of the test casts.
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The gypsum was welghed on a dieterlc scale, 50 grams aE a Etue,

and dlstllled water used for Ehe mlx. Prlor Eo the actual

tests, tesEs were carrled out to deEernine the mLniruum amount

of dlsttlled waEer necessary Eo produce a consistent worklng

mix with Ehe powder as measured on the dletetlc scale. The

resulEant waEer/powder raEios were Ehose used EhroughouE and

are shown in Table III (see page 20). The gypsun was

mechanically mlxed under vacuum for 15 seconds, Ehen vtbrated

sttl1 under vacuum for a further 5 seconds. (Vac-U-Vester ruodel

B, Whlp-Mix Corp., U S A). It, has been shown Ehat a reducEion

in porosiEy of almost 6O% is obtalned when gypsum ls subjected

to vacuuo treatment (Jorgenson and Kono, 1971).

The mixed gypsum was t,hen poured into uould D under vibration

ln such a way as to displace any adhering moisture from the

surface of the alginate. The gypsun was allowed Eo harden for

exactly 3C minutes, when mould D containing the gyPsum cast was

separaEed from the alginaEe and exarnlned. Three Eests for each

alginaEe and gypsum comblnaElon were carried ouE ln this

manner. The orlentaEion of alglnaEe beneaEh gypsum is in

accordance with findlngs Ehat poor cast surfaces were obtained

when E,he orientaElon ls wlth Ehe alginaEe over Ehe gypsun.

(Young, 1965).

6,3 '2 Procedure for rubber-based naterlals

A polyether (Impregum) and a polysulphide (PernlasElc Regular)

were used ln t,he saue manner but wlE,h the following excepElons:
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(a) the Eest block wag used dry, with no flln of sallva ; (b)

the assembly was placed ln the water-bath for 6 minuEes for

Impregum and 9 minutes for Perulastlc ; (c) the lnpresslon

surfaces lrere not rlnsed afterwards and were cast dry; and (d)

only three of Ehe gypsun products were used, namely Yellow

stone, Peach stone, and Vel-Mlx.

6.4 EVALUATION OF CASTS

The Standard states that the casts should be observed under

low-angle illunlnatlon wlth a roagnlflcaEion of 6 to l2X, and

the flnest line reproduced over Ehe full length of 25 mm be

recorded. The flnal test result ts the flnest llne reproduced

at least twice, result,lng from three tests.

In thls study, thls procedure was followed (uslng magnlflcatlon

of 10X), buE in order to increase discrlEinaEory capabllltYr 4n

evaluation procedure was also adopted, a modificaEion of whlch

has been shown to be useful ln a prevlous study (l'lorrow et al ,

1971). In rhe presenE study the 01050 om line was evaluated, as

lt was felt Ehat alglnat.e matertals should not be used for

crown or lnlay impresslons, and the Standard requires such

materlals t.o reproduce the 0,020 mrn lLne (Class A).

Each cast was placed under a uicroscope (Zelss stereomlcroscoPe

Model IVb) whlch has an attachment. for a 35 um S.L.R. caoera.

The section of the 0,050 mn llne judged to have been besE

reproduced was chen photographed. To provlde a constant llghE

source, an automatic electronic flash unlt (Sunpak auto 170)

was used, at a constant dlstance from, and angle to, Ehe
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PIG.6. Test cast on microscope stage, showlng constant
posltlon of llght source (flash unit)
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casEs (see Flg.6). By uslng Ehis llght source, and 125 ASA

black-and-whice fllm (Ilford FP4) lE was found that a

conslstent photograph (nagnificat.lon approx. X20) could be

obtalned. The reasons for thls procedure \.Iere Eo reduce errors

of judgement, that rnlght be caused by

(a) evaluaEors uslng a microscope for any lengE,hy period of

tiEe;

(b) viewlng casts of dlffering colours and thereby producing

different, llght-reflective effects; and

(c) requiring the evaluaEors Eo select a section of Ehe llne.

Thus for each alglnate/gypsum combinaEion, 3 negatives were

made, buE as one cast is discarded only 2 print.s will result.

The flln was developed autonatlcally at a conmerclal

photographlc laboraEory, and the prinEs made on high-contrast

paper. A 10 cn secEion of the line was llurrked on Ehe print and

each print coded randomly. EvaluaEors were Ehen asked to score

Ehe quallty of the llne thus ruarked. Further deEails of the

scorlng are discussed later (see page 49).

6,5 IIETHOD : Phase 2

In order t.o tesE Ehe effecc of a flxlng soluElon on

compatibillty, the investigator selected comblnaEions of

materials that had falled to reproduce any of Ehe lines on t,he

tesE block satisfacEorily, and subjectlvely evaluaEed l0 such

comblnations as being Ehe worst.
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6,5.1 Procedure

These ten comblnattons r,rere Ehen tested in exactly the saue

manner as durlng Phase 1 above, but wiEh Ehe exceptlon Ehat

afEer rlnslng the alglnate surface wlth dlstllled waEer, a

flxlng solutlon of a 27" aqueous solutLon of poEassium sulphaEe

was poured into Ehe mould and lefE E,o stand for 5 rninutes.

AfEer thls time Ehe solutlon was poured off, Ehe excess shaken

off, and the gypsrxu cast as before.

Once agaln, one casE was reJected, resultlng in two

photographic prints, which were coded and added Eo t,he series

of prlnEs resultlng from Phase 1.

A further subject.lve evaluatton of the resultlng casts showed

Ehat very llttle, lf any, iroprovement occurred ln the

reproduclbllity of che tlnes and quality of the casc surface.

It was Eherefore decided to carry out further tests on

dlfferent concentrations of poEassitrn sulphaEe, and also to use

anot,her fixlng solutlon whlch had enplrically shown good

results ln the past, namely alum.

5,5 METHOD : Phase 3

For these Eests, 5 of Ehe combinatlons ln Phase 2 vtete

selected, and tesEed ln the saEe Eanner, using an 87" aqueous

solutlon of potassltrm sulphate.

Subjectlve evaluation once agaln revealed llttle iuprovement,

and so a saturaEed solutlon (I2%) ot potasslum sulphaEe was
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made up (Potasslum sulphate is saEurated al 127" at 25oC), and

single conbinatlon was EesEed. As thls again revealed no

improvement, no more of Ehese combinaElons were Eested'

a

6,7 l,tETHoD Phase 4

In order to Eest the usefulness of alum as a flxlng solutlon,

Ehe 5 conbinations used in Phase 3 were Eesged using both a 2%

aqueous solutlon and a saEurated (L3%) solutlon (alun saturaEes

ar 11 .4% at 20'C).

6 8 I'IETHOD : Phase 5

An alginaEe that in Phase I was subjectively evaluaEed as

havlng displayed a hlgh degree of compatlbllity wlth all gypsuo

products was Blueprint. Thls was Eest,ed wiEh Vel-Mlx for all

concentratlons of both fixing solutlons, and with Yellow Stone

for all concentraElons, with the exception of 8% pot'assium

sulphate.

6.9 IWMBER OF CASTS AND PRINTS

Nunber of casts:

Phase 1

Phase 2

Phase 3

228

30

18

(Algtnate/Cypsun comblnatlons: 2lO;

ElasEomers/Gypsum combinaEions: 18)

(2% K2SO4 * Alginate/CYpsun)

(82 K2SO4 * Alglnate/GYPsun)

https://etd.uwc.ac.za/



Phase 4

Phase 5

TOTAL

30

27

333

-3 6-

(27" aLlum * Alglnate/Gypsuru: 15;

82 alun f Alglnace/Gypsun: t5)

(Blueprint/Yellor{ sEone: 15;

Blueprlnr/Vel-l,tix: f 5)

Number of resultant PrLnts:

As stated, 2 prlnts will result frou the 3 casts oade frou each

comblnation of maEerLals.

Phase I : 152

Phase 2 : 20

Phase 3 : 12

Phase 4 : 20

Phase 5 : 18

TOTAL 222

https://etd.uwc.ac.za/
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7. RBSIILTS

1 REPRODUCTION OF LINES

A11 Ehe gypsuu products reproduced the 0,050 mm line when

tested directly against the test block, but al1 falled to

reproduce the 01020 uu llne.

The finest lines recorded, using the crlEeria ln the Standard'

are shown ln Table V (page 38) for the untreaEed impresslons.

Table V(a) highlights those comblnations reproducing the

0r050mm ltne as the best line reproduced.

Table V(b) highlights Ehose comblnatlons reproduclng the

C.075mrn ltne as Ehe best line reproduced.

Table V(c) highlighEs Ehose comblnatlons fal1lng Eo reproduce

any of ehe lines.

Tab1e VI (page 42) shows Ehe results obtalned for lmpressions

Ereated wlt,h potasslum sulphate.

Table VII (page 43) shows the results obtained for fuopressions

treated with alun.

https://etd.uwc.ac.za/



c)

o
al.r1

-38-

o.ococrtf rn tn rn rn

r/1 l/\ooo
F f\ r.r'l tn ln

ooorn !n u1 t\

q,,

o

OJ

!)

oc
I.rl

4)

oc
ltl

o

oocooocr^ccr.^ rn t^ rl tft Ln t/f F f\ ln

o

o
d
o

i)
o'/r00l\ rn l/l

CJ

o
0)

o

o

c

q,,

oc

o
o

OJ

o

q,

o

!n
t\rn

ft
NN

,1)

o
c)

oor/\

c,

o
d

0)
c
c

I
o

OJ

tr

q.)

o

c,

o
a

OJ

o

o
o

OJ

c

r,l

o

q,

o
cooort) r/1 6

o)

C

6
d

oo
l{lJ

!!)dd
ot Ft6+1 {)ll
oi-| O tr O0 0'l tr

rrF{tOOOFtF.lO!'r{
+{ 00 A+1 fr 6 F{ | +r

ooooopto0o0
5 Ft C)O C) Ft tr X tt7 Fl F{
FlolFlq,oooo)
Fo (J ()- (, Y }z )a v' N N

On
o!n

X

z
I

F.l
o

olr +.1q)tr
rJ (,
(oO{
6
P.O

a
tJ
ou
oa

9
o
TJ

C

o
LI
o
d)
t

a)
1)
,J

!J

q

l{
ur

t)
o

$,{
!
TJ

t,
a
o
o

r,

E
a
rn
6l
tr
0)

c
€
o
o

"cclr
0)
li
AJ

F{

TJ
o
oc
fq

trI
FI
lq

H

-cootrroo
OTJ
OJo

oo
to
oo

3oq,F{trFro
oe
>Ul

O{

rd

https://etd.uwc.ac.za/



-3 9-

.r

.r

.**

*.1(*.1(*

.r .r .*

{

.l(

.r 'r .* 'l(**.r

*

.r*

.r*

.r

.r

.r .r .r

'r.L.L

(!
aoo
lr.,

utuQ'A'Ol-r6+{Os
6-r O C @ O Q

uF{i-OUO'r{FlOt{-{
; oo <n+{ }r cu F{ L -1

A ) ni > r.{ rl 3 rd r0

aJ5-o-oorJlOOO03 ; <JqJ c) F{ rr x a '-{ 'Fl;otatoqo2oc,
ta Q O- (, I * g v) N N

o
r.rl

or/l

x

I

o

o
!+{
Ot{
rJ ql
Op](!

r-.1 t+{
PrO

sa)oc
l!o
0ru
Or(l)

ooEArJO|{uc)o

o
o
o

O{

Irl

'o
a

o
t
t)
o
€
cg
7)

o
L)

x
}J

J

!
o
o
-=
TJ

o
!
0)
o
o
-oE

c).(,oa
ot
+.1 OUE(Uu
trc)

iEl
4
EI OJ

Ou

aL)
ao. c0>.c
o0 .-.\\'1J
Otruo
(U(Jtro

?'l (!
o0

F{ 0J(dtr
q, F{

.De
dE
TJ(!o
Ot/1Eoo.
QO

r!

HJ
trl

H

https://etd.uwc.ac.za/



-40-

* .L

O!n

otn

.r

x

I
F{
0)

o
PFt
Oliu(,
OOr
d
irg
PrO

.r.r*EOotr(u0
0rrJ
OrO

lo oJl-c cluo
I r. r.t
lo(,]

3oo
F{tr
F.l o
OIJ>(a

H

tu

H

.r

o
tJ

o(!!)cd
tU+aOlZtr60oc

Ol r{ Fl OJ t{ 'r'l

(!F{lF{
tr<o-ctd.rrJ=(d(0
borrl@@

F{t{hc/:F{F{tuoooro)
IVVU)NN

(!
9
o
tr

F{

o
(,)

!
o

O
Io

rJ
ocndrrFllO

trO.JO*{ @ tnr{lrtrtUtro. 3 ILEqJoo
a7 -1 () (lJ
,-tolH
tqc)(,

!
o

.o
o
IJ
C)
d

0,1

U

o
rJ

c0
d
!
l{
o
o
o
(E

o

F{

a
E

r\o
o

o
]J

(u
U

!
o
lra
c)
lf

I.}

x
IJ

o
tl

o
E
4)
()
dp
(,)

..r
(!

.o
5
o
b)
o

M

Q)
}J

o0)
(0

(u
F{p
u
o
o.
d

o(J

!

Hj
EI

H

+

https://etd.uwc.ac.za/



-41-

.T .r

.r .r

+ .r

.t( {. .la

*

'l(

*

.T

*

.t**

{**

.r

*.r

.r .r

.r .r.r

o
t,o(!

JJI,d
(dF{OJ
trooa)d

0,, +{ F{ Gt tr t{
!o04r'l()Or
6-{l+{c<o-ctc
-t!r=cr6oorJl0OO0
F{tr}r<DF{F{
ooooJoYJVU)NN

(!
d

!

F.l
o
o
k
o

(,
t

(9

+J
oa;

!F{lotr o, !o
F{ dC Oirrr{(!C
o. a 9Eooo
aelL)O
F{OIH
FO(J()

orr
o!n

>t

6
o
o

t
o.
0)
!

rJ

c
l.

d
U
o
!J

c
,o
1)
6(!,
OEc0)oo
!)(!E
dc
-{ -cPuEo)
ad
o

0)AEau
EDo.o>u
r0\o0
OJtr
].F{(!E
Ctr
+{O
@o
-{o(0(!
o(,J
'-' c).ot
fj F.l
o
o. 0)
d1
Ou
o
CrH
HO

x

I
Fi
o

o
!rt
Olr
rJ(!
U,trr
d

l+{
oo.

.cootr(,0
0,)rJ
OrO

ooEA!., o
l{uoo

l=to o
l-i cl-{ olo r.l
l>o

F{

H

u

trl
Ff
Fq

H

https://etd.uwc.ac.za/



TASI.B VI

-42-

Flnest llne reproduced over 25mm at least t,wice fron Ehree
tesEs, ln mlcroEeters, after treat,ment of the impression wlth
concentratlons of potasslurn sulphate as shown. Parent,heses
lndlcate results when no flxtng solutton was used (frou
Table V)

2Z K2So4
+ EPl

Yellow
stone

0rtho
stone

Peach
stone Vel-Mlx

Blueprtnt

Colourgel

G-C Fast-set
Technlcol

S S Whlce

Zelgan Plnk

50( 5o )

none(none) none(none)

none( none )

none( none )

so(so)

none( none)

none(none)

none( none)

75(none)

none( none )

none( none )

8Z K2So4
+

Blueprint

Colourgel

G-C Fast-set
TechnLcol

S S White

Zelgan Plnk

none( none)

50(s0)

none( none)

none( none )

none( none )

none ( none )

L27" K2So4
+

Blueprint

Colourgel

7s(s0)

none( none)

so(so)
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Flnest line reproduced over 25mm at least Ewlce from Ehree
tests, 1n mlcrometers, after treatment, of the impressions
wlth concentrat.Lons of alum as shown. Parent,heses lndicaEe
results when no flxlng solutlon was used.

2"/" ALlJl4
+ EP1

Yellow
stone

Or tho
stone

Peach
stone Vel-Mlx

Blueprlnt

Colourgel

G-C Fast-set
Technicol

S S White

Zelgan Pink

none(50 )

50 ( none)

7s(so)

75(none)

50 ( none)

7 5( none)

7 5( none)

132 ALIIM
+

Blueprint

Colourgel

G-C Fast-set
Technlcol

S S WhlEe

Zelgan Pink

75(s0)

50 ( none )

so(so)

50 ( none )

50 ( none)

50 ( none)

7 5( none)
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It can be seen fron Tables V t.hat Ehe only alSinates to

successfully reproduce the 01050 nm llne with all the SyPSuxo

products, were Blueprint and Kerr Alglnate. None of Ehe

materlals were able Eo reproduce Ehe 01020 uu llne, buE Ehen

nor rrere the individual gyPsuE products.

'r,Ihen the elastomer inpresslon surfaces ldere vlewed under Ehe

mlcroscope ag the requlred nagnlflcatlon (X10) tt was observed

that Ehese traterials were also unabte to reproduce Ehe 01020 om

llne. T'he casEs made from them, though' dld show reProductlon

of the 01050 mn lIne.

Table VI shows that, uslng the crlterlon of llne

reproduclbllity, potassium sulphate has no general slgniflcant

effect.

However, some specific indlvidual effecEs can be seen:

Firstly, when Blueprlnt was EreaEed wlth the saturaEed

solutlon, there was a deterloratlon in the 1lne reproduced wlth

Yellow sEone.

Secondly, the luprovement shown by the Technicol/Peach stone

cornblnatlon wlth :-he 27" solutlon rlas reversed when a hlgher

concentratlon was used.

https://etd.uwc.ac.za/
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It can be seen fron Table VII Ehat several indlvidual changes

were observed:

-27" alvm lmproved Ehe conblnatlons uslng Colourgel and S S

[Ihlte.

-the saturat,ed solutlon further inproved t,he Colourgel/Vel-Mix

and S S t^Ihlte comblnations. This soluElon also lmproved Ehe

ZeLgan Ptnk and Ortho stone conblnatton.

-the 2% soluElon had a deterioratlng effecE on the Blueprint,

an effect made worse by uslng the saEurat,ed solutlon for rhe

Blueprlnt and Yello!, sEone comblnat,ion, but oade better for t,he

Blueprint and Vel-Mlx comblnation.

As there were several changes noted, some contradlctory, a

statlsElcal analysis was carried out uslng a nonparauetric

net,hod as follows:

Slgn rest as applled to Table VIl:

Let an iroprovement ln line reproduction = +ve (e.8. none *75;

none * 50;

7s * 50)

Let a deEertoration ln llne reproductlon = -ve (e.g. 50 *751,

50 - none;

75 * none)

WLth 2% alum: Nurober of *ves = 4

Number of -ves = 2

Nunber of zeros (no change) = I

https://etd.uwc.ac.za/
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Wlth 132 alum: Number of {-ves = 5

Number of -ves = I

Ntrmber of zeros = 1

Ho: Null Hypothesis: The median of the dlfferences is zero.

Alternattve hypochesls: The medlan of the differences is

pos it lve.

Statistical test: Each result is a matched palr; Ehe sign test

ls appropriate.

Signiflcance level: Let a = 0.05

ReJection regLon: A11 values of x (where x = the number of

minuses) whose one-talled associated probablllty of occurrence

under the null hypothesis ls equal t.o or less Ehan a = 0105.

Decislon: For 2% alum: x = 2, N = 6. The table of one-tailed

probabilities under Ho for the binomlal

test when P = Q ' llZ shows (Siege1,I956)

Ehat f or N = 6, an x 2.2 has a probabillty

occurrence of p =01344.

Fot 137" alum: x = I, N = 6. For N = 6, an x.<1 has a

probability occurrence of P = 0r109.

Both these resulEs lie outside the reglon of rejection for

a = 0r05 and lndicates no signifLcant dlfference.

Thus, using the crlt.erion of llne reproducibility' one can

conclude that alum has no general overall beneficial effect.

Thts lmp1les, as wlth potassium sulphate, extraPolaElon of the

result,s over the range of alglnaEe lmpresslon materials. Such a

conclusion, however is clearly lnvalld, as some of t.he

lndlvldual results have shown.
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7,2 INCREASED DISCRIMINATION . EVALUATION OF PRINTS

7 12.L Evaluatlon procedure

Four evaluaEors were used, Ehe LnvesElgator plus Ehree others.

All were firsr Eested for varlabillty by first evaluaEing lO%

(22) of the prlnts, randomly chosen, three Elmes during the

course of one day.

Evaluat,ton of Ehe full range of tests Eook place once on one

day, and Ewlce on Ehe next day, glving 2664 assessments. The

evaluators were asked Eo score the Eests on the followlng

basls:

Score 1: Llne reproduced clearly and sharply over enEire

length between Ehe marks. Thls ls the besE ln

aPPearance.

Score 2: Llne clear over oore Ehan 501l of. length

0R Line indlstlnct over less than 502 of length

0R Llne appears Eo be reproduced well over entire

length, but not sharply, but ls smooth.

Score 3: Llne clear over tess than 507" of. length

OR Line indistlnct over uore than 50% of length

0R Llne vistble over entLre length but bleulshed and

rough and/or noE sharp.

Score 4: Llne not reproduced over entire length; rough,

blenished, piEt.ed, etc.

Thls ls Ehe worst ln appearance.

https://etd.uwc.ac.za/
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Flgs. 7 to 10 show examplee of prints that lrere scored ln each

category.

PIG.7. This prlnt was scored in category 1 in each

test by all evaluators.

FIG.8. This prlnt was scored in category 2 ln each

test by all evaluators.

'I -..;.
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FIG.9. Thls print rras scored ln category 3 In each

test by all evaluators.

EfG.10. Thls prtnt rras scored 1n category 4 ln each

test by all evaluators.

Further examples of prints are shown ln the Appendix. (pages

Aili and Aiv).
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Of the 80 sets of three scores on Ehe 102 randon sanple of

test.s, all rrere ln close agreement,. No evaluator dlffered in

hls scores by more Ehan one polnt, and 7 of Ehe 22 tests were

glven equal scores by each evaluator.

0f the 888 sets of three scores over the full serles of Eests,

lt was found thaE 9 sets dlffered by more Ehan one polnt, none

belng from the same prlnt. These are shown ln Table VIII.

'vfhen these dlfferlng scores were sumoed and grouped, and

compared wiEh Ehe average of the sums of Ehe three scores per

comblnatlon of Ehe oEher three evaluators, t,here was found Eo

be no slgniflcant dlfference (p < C,001) ln the fact that these

scores had a greater spread (t = 0,67>.

Therefore lt was decided EhaE Ehe sums of the three scores per

evaluaEor could be used ln the statlst.ical analysis of the

data.

https://etd.uwc.ac.za/
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TABIJ VIII Scores dtffering by more than one point

COMBINATION ALGINATE/ GYPSW EVALUATOR

SCORES

lST 2ND 3RD

27" aLvm + Colourgel/Ye1low stone

Kerr Alglnate/Peach stone/l

Kerr Alglr.ate/ 50l5O

Key-to-Alglnate/Peach stone

Blueprlnt,/n P f

Blueprint/Yellow sEone

Kalginate/Yellow sEone

Kerr Alglnate/0rtho stone

Kerr Alglnate,/Peach stone/l

2

3

1

3

3

3

3

3

3

2

2

4

3

1

2

3

)

3

4

1

I

I

2

1

1

I

I

2

3

3

3

4

4

4

4

4

/lPrlnts f rom dif f erent casts.
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7 ,2.2 Results

The prlnary source of interesE throughout ls Ehe lnteracEion

between Ehe lmpression Eaterials and t.he gypsuE products. It

would be of concern lf the scores obtained from the evaluation

procedure rrere to unduly influence Ehls; 1f tne inter-observer

variablliEy was such as to do so' then If would mean that

either the scoring procedure was invalid and unrepeatable, or

thaE the evaluat.ors Here unusual, or biased, or EhaE some other

unknown factor or fact,ors were in force.

Therefore, lnitially, a three-way analysis of variance was set

up uslng a fixed-effects nodel.* The sum6ary ls shown ln Table

IX, and Ehe data used are given in the Appendlx (page A.ii')'

These data are arranged Eo shot{ the scores Per prlnt per

combination.

* 1981 verslon of BMDP2V programme developed at the Healch
Sci-ences computlng facllity, UCLA, whlch ls sponsored by NIH
Speclal Research Resources Group RR-3 ' 

copywright (C) f981
Regents of Callfornia, Los Angeles.
Programme run at the CompuEer Centre, Unlverslty of Cape Town,
by klnd permission.
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Fron Table IX, varlous effecEs can be observed:

-The results show very significant F magnttudes for the

alglnates and gypsum, whlch indlcates that these materlals

dlffer markedly between brands; tt |s loglcal for Ehe alglnates

to have such a high slgniflcanE flgure, as these materials

differ uosE in chemlcal composltlonl slmilarly Ehe lower figure

for gypsum is indlcative of a lesser cottrPosltlonal dlfference,

brrt lEs slgniflcence confirns t.hat dlfferent tyPes of gypsurn

have been used, from model plasters Eo the alpha-modifled die

stones.

-The next significance flgure was for the evaluators. Thls

shows Ehat Ehere is an inter-observer effect which must be

assessed.

-There ls a highly significant effect in the lnteractlon

between rhe alginates and gypsum.

-There is an lnterestlng snaller effect between the alginaEes

and Ehe observers, but no signlflcant effect between gypsurn and

observers. Thls ls reflect.ive of Che htgh inEer-observer score

and although signiflcant at the 01001 level, lt ls at a much

lower level of signiflcance than the hlgher F numbers in the

rable. IE may be indicaCive of some difflculty ln scoring the

prlnts, as there are dlfficultles in dlstlnguishlng between the

nlddle scores as conpared t,o Ehe extrenes. Given that Ehe

scoring procedure does not, strlctly satlsfy Ehe requlremenEs

for analysls of variance (nanely thaE ghe observations form a

conEinuous varlable, norrnally dlstrlbuted), one may postulaEe

that this lnt,eractLon reflects Ehls property of Ehe nethod.
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It was decided noE to lnvestlgate thls further'

-There ls no signlflcance ln the Ehree-lray lnt.eracElon between

alginates, gypsum, and observers. This observatlon ls

influentlal ln assesslng the itrPortance of Ehe lnterobserver

effect, as it rDeans Ehat although there is lnter-observer

variablllty, lt does not detract fron Ehe clear tndlcatlons of

effects between alginates, between gyPsun products, and

especlally in the tnt,eracEive effecE of alginates and gyPsulo'

Thus the alglnage and gypsum inEeractlon ls conslstent across

the observers.

Further conflrmatlon t,hat Ehe inEer-observer varlablllty wlll

not affect, t,he basic slgnlflcant int.eractive effecEs can be

obtained by considerlng the observers to be a randoru sauple

drawn from t,he set of all possible observers. The flxed-

effects model presupposes that effecEively Ehere are only four

observers, and has shown thaE Ehey vary beEween one anoEher;

one oust, assess the effect of repeaEing Ehe scorlng procedure

with four different observers where although Ehe saue Patt,erns

of scoring mlght arlse, there may be dlfferent results' The

extenE of the varlabillty t.hat would be lncorporaEed tnt.o such

repetitlons can be assessed plecemeal by a mlxed (randor

effects) nodel, where Ehe observer effect ls presuoed to be a

random one, and the oEher effects are presuoed Eo be flxed as

before. When such an assumPglon is made, the basls upon whlch

certain effects are considered signlflcant ls dlfferent: rat.los

wlthin the Ehree-way table musE be consldered, not slmply
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ratlos against Ehe error. It is then necessary to esEluate the

varlous conponents of thls new varlablltty that would appear,

and ln such a sltuation, Ehe followlng variance estluates arlse

(John, 1971).

For Lnteractlon algtnate/gypsurn/evaluators , 02 = g

For lnteractlon gypsum/evaluators, G2 = O

For lnteractlon alginate/evaluators, 02 = O rl

For error, 02 = lrO2

For lnteracElon alglnace/Bypsur 02 = Lr34

For gypsum, o2 = l.L5

For alglnates, 02 = 4128

The flgures reflect the. comparatlve overall contribuElon of the

correspondlng components of variance, Eo the overall varlance

of the lndividual data scores (surns).

Thus the saue overall concluslons as appeared from Ehe flxed-

effects nodel can be made of the contrlbutlon of Ehese

components, and hence 1E ls ext.reuely unllkely that Ehe

stgnlflcant effects of lnterest w111 be rendered ineffective by

lnterobserver varlablllty. Furthermore, 1f the scoring 1s

repeated wlth other observers, one can expect the flndlngs Eo

be consl.stent.

One can thus conclude that because the observers can be

consLdered represenEaElve and Ehe flndings consLstenE, and

because the trlple inEeractlon alglnate/gypsuu/evaluaEors ls

not, significant, and because of the orthogonal deslgn of t,he

experLmental method and lts repllcaEive naturerthe alginates'

gypsuns, and their lnt.eracElons can be consldered as

sEaElsttcally lndependent of the observer effects.
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For each alglnate

scored. The means

and gypsun combinat.lon, two Print,s are

of the sums of the Ehree scores for the four

evaluaEors will now generaEe two replicates per conblnaEion.

The assumptlons lnpllcit 1n an analysls of variance procedure

are rnore nearly satisfied by such (now justifiable)

stmpllficat.lon of the data, as by conslsEently looklng at Ehe

tnean scores, one renders the data more arnenable to Ehe

assumptlon of normality; Ehe mean values w111 be less

resErLcted than Ehe orlginal daga values on which the Ehree-way

analysls was based.

Hence these scores can now be subjected t,o a two-way analysls

of varlance procedure, the alglnate and gyPsum lnteractton

being the primary source of tnterest.

The mean scores for the unEreated alginate and gypsum

comblnatlons are shown in Table X.
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There being two repllcateg per cel], (Table X), this daca can be

subjected Eo a Ewo-way analysis of varlance procedure, as Ehe

prtmary source of lnterest ls Ehe lnEeractlon between the

alglnates and the gypsun produets:

TABLE X(a) Analysls of Variance applied to the means of Ehe

suus of the Ehree scores per evaluaEor (Ewo

repllcates per cell).

SOURCE df S. S. Mean Squares F

Alglnates

Gypsum products

Interactlon alglnates/ gypsum

Error

Total

9

6

54

70

139

544,r

141,3

153,9

50 ,I

60.4556

23,55

2 r85

0,7t75

84,47

3219

3 r98

889 4

As to be expected from Ehe previous dlscusslon, there ls a

slgniftcant lnteracElon between the alginates and gypsutr

products at pi 0,005.

The error represents the variance between Ehe measures withLn

Ehe 70 palrs of prlnts.

The analysis provides cell Eeans ('conblnatl-on means'), and row

and column means ('marglnal meansr ). These are shown 1n

Table XI.
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Considerat,lon of the Earglnal ueans wl11 provlde a

classlflcatlon of materlals. In order to rank then into

statistically disparaEe groups aE Ehe 52 level, a Tukey

studenttzed range value was calculated using

s= 0r05

r, rc1 n-1;

a=0r05
c, re1 n- l;

2
q for row means (alglnates)

cn

and q for column means (gypsun)

where r = the number of rows

c = the number of columns

n = the ntrmber of repllcates per cellrand

s2 = the mean square resldual error with rc(n-l) degrees

of f reedom. (l'111ler, 1966).

Thls yielded a constant of 018885 for the alglnaEes and a

constant of 0,6904 for the gypsum.

Applylng Ehese constants to E.he marglnal means produces

stattstlcally disparaEe groups as follows:

Gypsrn: - PlasEer of Parls

- Vel-Mix;
s0 /s0

- Yellow sEone;
E P 1;
Peach stone;
0rtho stone

2
s
rn
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AlgLnates: - Blueprlnt

- Kerr Alginate

- Key-to-Alginate;
Kalglnate;

- Zelgan Green;
G-C Vericol Aromal
G-C Fast-set Technlcol;
Colourgel;

- S S tlhlEe;
Zelgan Pink

Ilowever, such a classlf lcat,lon is based on Ehe assunPtlon t,hat

tt is loglcal to expecE all algtnates and gypsun products Eo

react equally well; but t,he analysls has shown Ehat there ts a

stgnlflcant interactton beEween alginates and gypsuro as well as

a difference between brands.

Therefore, attentlon must be focused on the conblnatton ueans

(Table XI). A low comblnatton rnean correlat,es wiEh a hlgh

degree of compatlblllty, and a hlgh comblnation rnean correlates

with a poor compaElblllEy.

The poorest comblnatlons wl1l therefore be those with a

conblnatlon mean of 12, and Ehe best, will have a combinat,lon

uean of 3.

In order to dlstlngulsh sEaElstlcally becween Ehese means, 1t

Ls necessary to calculate the leasE signlflcant dtfference

(LSD) at the 52 level between any Ewo conblnatlon ueans. Thls

Ls done uslng Ehe forur.rla:

a/2
LSD for Erro t.reaErnenE means = t

rcln-1;
2Xs2
-n-

where r = the number of rows
c = Ehe number of colunns
n = the nunber of repllcates per cell
s2 = the mean square resldual error. (Rayner, 1967)
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Thls value computes to Ehe figure 1'5835.

Table XI can now be consulged with this flgure in mlnd ln order

to det.ermlne t,he statlstlcally slgnlflcant conblnatlon means.

It would now be posslble to tabulate t,he smaller ueans not

dlffering sEatlsEically on the comblned data for a glven

impression Eat,erlal, and Ehe cooblned data for a glven Sypsun

product.

This has been shown ln Tables XII and XIII.

https://etd.uwc.ac.za/
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Slnllar tables have been drawn up ln a prevlous study (Morrow et

al, 1971) but, Ehe efflcacy of doing so ls queeElonable, as

lupliclt ln such a Eabulat,ion ls Ehe assumptlon that Ehe

lupression materLal or gypsum product ls either preselected, or

that there ls none oEher avallable: such slEuat,lons are noE Ehe

basls for selecElon of appropriaEe dental materials to be used

c11n1ca11y.

Therefore a trore slgnlflcanE ranklng would be vla statlstically

dlsparate cmblnatl.ons, at leasE for those showtng low

comblnaElon Eeans (hfgh cornpatlbitlty). Such a ranklng 1s shown

in Table XIV.
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Ranking of staElstlcally dtsparate comblnaEions
based on the comblnatlon Eeans for means below 7.5
(uedlan of possible range 3 to 12)

Blueprlnt /
Blueprlnt /
Blueprint /
Blueprint /

EPl
Plaster of Parls
Vel-lllx
Ortho stone

Blueprlnt / Yellow stone
Kerr Alglr.ate / Vel-Mlx
Kerr Alglnate / 50/50
Kerr AlginaEe / ortho stone
Kerr Alglr.aEe / Peach stone
Zelgan Green / Plaster of Parls
Colourgel / Plaster of Paris
Blueprlnt / Peach stone
Zelgan Green / 5O/5O
Kerr Alglnate / Yellow stone
Kerr Alglnace / Plaster of Parts
Key-to-Alglnate / Plaster of Parls
G-C Verlcol Aroma / 50/50
KerrAlglnate/EP1
Key-ta-Alglnate/ Yellow stone
BlueprLnt / 50/50
Kalglnate / Yellow stone
Kalglnate / ?laster of Parls
Key-to-Alginate / vel-t'tix
G-C Fast-seE TechnLcoL / Plaster of Paris

The Ewo ranked groups shown above are t,hus Ehe conblnatlons

that w111 glve the best detall reproducEloo and surface

compatlblllty accordlng to the Eest mechods used. They can be

represented, wlthout, ranklng wlthln Ehe groups, as shown ln

taUfe XV where *** lndlcates the coublnatlons of the flrsE

group whtch do not dlffer sEaElsElcally from each oEher, but

which do dlffer sEaclstically from Ehe second group, lndlcated

by *. Again, Ehese do noE dlffer statlstlcally from each

other.
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713 EFFECTS OF SURFACE TREAfiENT OF ALGINATES

The flve alglnates and gypsun products chosen Eo be used for Ehe

assessnent of che effecEs of flxing solutlons on compatlblllty are shown

ln Table XVI wlth Eheir unEreaEed comblnation mean values.

TABLE XYI Comblnatlon Eeans of unEreated conblnat,lons used for surface
t reatment

EPl
Yellow
stone

Ortho
stone

Peach
stone Ve1-l'11x

Blueprlnt

Colourgel

G-C Fast-set
Technlcol

S S Whtte

Zelgan Pink

5 ,50

12,0C

4,L25

8 ,250

10,3 75

11 ,2 50

12,00

LL,625

12,00

r0. r 25

I2,00

L2,OO

7 ,3.L Effects of Potassiun sulphate

Table XVII shows Ehe comblnatlon oeans obtalned from Ehe poEasslum

sulphaEe-treated casts.
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Potasslum sulphate-treaEed alglnaEes and gypsuu products:
combLnatlon means

2Z K2So4
+ EPl

Ye11ow
stone

0rtho
stone

Peach
stone Vel-Mlx

Blueprlnt

Colourgel

G-C Fast-set
Technlcol

S S Whtte

Zelgan Plnk

7 ,L25

I2,0

9,3 75

11r 50

11 ,50

L2 rO

L2ro

L2 ro

L2 ro

9,375

12 ro

I1,875

8Z K2So4
+

Blueprint

Colourgel

G-C Fast-set
Technlcol

S S llhlte

Zelgan Plnk

08

12,0 L2ro

10,250

12 ,0

12 r0

127" K2SO4
+

Blueprlnt

Colourgel

5,625

r2.0

6.L25
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These results were subJecEed Eo Palred E-Eest procedures on Ehe

dlfferences ln scores between untreated casEs and freated

casts.The results are ae follots:

For 27" poEassium sulphate:

t - -2 1026

df = ll

[ = -0,875

So = 1 r496

At p <C,01 thls result ls not slgnlflcant.

For 8Z potassiuu sulphate:

t = -21068

df=5

A- = -1156

So = 11848

At p <0,0I Ehis result ls not slgntficanc.

For L27. poEasslum sulphate:

t = -1.099

df=2

A- = -0,7 t

Sa = 1rI19

At p <0r01 Ehls result ls not slgnlftcant.

These resulEs would lead to a general concluslon EhaE potasslum

sulphace ls lnadequat.e as a flxing soluEion aE any

concentration. Ilowever the statisElcal E,est itself would not

reveal an lndivldual signtflcant result.
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In vlew of the fact thaE the values for the treaEed casts were

obtained ln exactly the same rJay (and all prinEs were evaluated

ln the same bat,ch), Ehen if tndtvldual comparlsons are Eo be

made, one can use Ehe lndependent estimate of variance Eaken

from the analysis of varlance table as an lndlcatlon of the

sort of variance expecEed between treaEed and untreaEed treans.

Thus any change ln a comblnatlon rnean greater than the least

slgnlflcant difference value 1r6835 (whlch is consequent upon

the variance) is prlma facie evldence that that change is

signlflcant.

I{hen applled to Table XVII the following conblnatlons showed

slgnificant change:

2% ar.d 8Zz Blueprint / Vel-tltx

Colourgel / Vel-t"ttx

L27": Blueprint / Vet-lttx

Unfortunately, the change in each case was for the worse.

Because it was originally expected Ehat an Lmprovenent would be

seen, four of che alginates used for this treatment phase were

ones showlng poor compatiblllty; Blueprlnt was lncluded to

provide a conErast. In case lts effects (whlch were a lack of

luprovemenE) could be having an undue influence on Ehe result.s

of the paired t-tests, Ehese were repeated, excludlng

Blueprlnt.
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The results are as follows:

For 2Z: t = -0,942 For BZ: t = -0.833

df=9 df=4

A-=-0,04625 f =-1,099

Sa = 1,4730 So = 2,951

AE p (Cr01 netther of these results are signlflcant.

7 ,3.2 $lects of Alun

Table XVIII shows the results obEained from Ehe surface

treatment of Ehe alglnaEes wlth 27" and 132 solutions of alum.

These results were also subjected to paired t-Eest procedures

on t,he differences in scores obtalned.

The least slgnlficant dlfference constant was Ehen applled to

the lndivldual results, and then once again palred E-tests 'srere

applled with Ehe exclusion of Blueprlnt.
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TABLB XYIII AluIFtreated alglnaEes and gypsun products: conblnatton
means

2% aLua
+ EP1

Ye1low
stone

Ortho
stone

Peach
stone Vel-Mlx

Blueprlnt

Co lourgel

G-C Fast-set
Technlcol

S S l.Ihtte

Zelgan Plnk

11,125

9,375

8,825

7rO

6,975

8,750

l2 ,0

l3Z alun
+

Blueprlnt

Colourgel

G-C Fast-set
Technlcol

S S tlhlte

Zelgan Plnk

7.O

6,875

8ro

7,975

8,250

6,25O

7 507
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The palred t-tesg reeults for all combinatlons are as follows:

Fot 2% alum: E = -01169 For 132: t = 1.175

df=6 df=6

E = -O.2ZO A- = 1,483

So = 31537 So = 3,338

At p <0r01 these resulEs are noE signlficanc.

Appltcatlon of

the changes to

For 27. alum:

For 132 alum:

Improved (and ranked):

Made worse:

the least signlficant dlfference revealed that

the following combinat.lons were stgnlflcant:

Inproved (and ranked): G-C Technicol / Peach stone

Colourge1 / Yellow stone

sSwhite/tvt

Made worse (and ranked): Blueprtnt / Yellow slone

Blueprlnt, / vel-lllx

Colourgel / Yellow st,one

ZeJ-gar. Pink / Ortho sEone

sSr.rhire/npr
Blueprint / vel-t'tlx

Examples of prints of some of Ehese conblnat,ions are glven ln
the Appendix (pages Av and Avt).
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The paired t-test result.s excludlng the Blueprint cornblnatlons

are as follows:

For 2% alun: t = 11181 For l3Z: E ' 2'903

df=4 df=4

[- = lr81 A- = 3,t5

So = Ir258 So = 21170

AE p<0,01 these resulEs are not slgnlftcant' but at p <0105,

the result for the I3Z solutlon ls signlflcanE.

Thus one must agatn conclude that alum has no overall general

effect, but lt can produce a slgnlficanE change wich certaln

materLals. Unfortunately, thls change can be ln Ehe wrong

dlrectlon as shown by the react,lon wlth Ehe Blueprint

comblnatlons; however the saturated solut,lon seeus Eo confer a

slgnlflcant beneflt on Ehe remainlng alginates Eested.
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8 DISCUSSIOI|

An alglnater s compatlblllty wlth gyPsum and lts capaclty to

record deEalls and iuparE Ehese Eo a gypsun cast, form one of

Ehe requirenent,s for cerElftcation of alglnate traEerlals under

vartous Standards. IE ls these qualltles only that have been

looked at ln Ehls study.

Alglnate lnpresslon materlals are used for a wlde varlety of

purposes, from produclng dlagnosElc casts to produclng casts on

whlch accurately flttlng cast Eetal frameworks for removable

prost,heses wllI be constructed, to' rnore recently, the use in

combinatlon wiEh a reversible hydrocollotd in crown and inlay

fabrlcatlon. Thus thelr accuracy and surface detall

reproductlon and quallty are of great inporEance.

The International Standard ISO f553-1978(E) has been accepted by

21 member courrtrles, and reeognlses Ehe fact. that alglnates

require classtficaElon lnto further groups oEher than the

prevtously-recogntsed classtficatlon accordlng to the

seEElng:time. It has retalned rhe latter, allowlng

speclflcaElon as Type I or Type II and has lnnovated t,hree

Classes according to Ehe followlng table:
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Characterlstlc Class A Class B Class C

Vlscoslty:
dlameter of discrmm

Detail reproductlon:
width of llne
reproducedrmm

Permanent
deformatlon, Z

>33 27 to 36 <30

0 1020 0,050 0,075

<3 <7<5

The flrst parE of thls study closely follows the assessment

crlterla laid down for decall reproductl.on, and the results are

summarised ln Tables V to V(c) (pages 38 to 41). They show

EhaE none of the cornblnatlons tested could reproduce the

0r020 mm line. However, when two elastoueric lmpresslon

roatertals cornmonly used for cro\{n and inlay impression

techniques were tested ln the same tranner, these too falled Co

reproduce the 01020 m line. FurEheroore, when Ehe gypsum

producEs themselves \rere placed againsE Ehe test block, Ehey

also falled to reproduce Ehe 01020 nu l1ne. Thls would seem to

cast doubt, on Ehe efflcacy of lncludlng a Class of alglnates

"sultable for crown and lnlay lmpresslons".

If one now considers the remainlng two classes, t,he results

show that 34 out of the 70 unt.reated coobl.natlons were able Eo

reproduce Ehe 01050 mm line. This lnvolved 9 of the alglnates

and all of the gypsum products. The Standard specifles that

for Class B alglnate at least one brand of alpha nnodlfled

gypsun (characterised by a water/powder raElo of about Or23)

and two brands of alpha gypsun (characEerised by a

waEer/powder ratlo of about Cr3) shall be recommended.
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On thls basls, Ehen, frou the results shown ln Table V(b)

(page 40) the following alglnates would fal1 into Class B:

Blueprlnt

Kalglnate

Kerr Alglnate

Key-to-Alglnate

(This, of course assumes EhaE only those SyPsuu products used

are available as easlly as are the alglnates).

ConslderaElon of the recordlng of the 01075 nm llne places

alglnates lnto Class C provided Ehey react wit.h two brands of

alpha gypsun. Reference to Table V(b) shows that only 8 of Ehe

70 comblnatlons reproduced the 01075 mn' llne, lnvolvitg 6 of

the alginates and 5 of the SyPsun products. Strictly speaking'

none of these alglnates fulft11 the requlrenent, but G-C

Verlcol Aroma corobLned with two alpha nodlfled gyPsuns, and

Kalglnate wlth one alpha modtfied gyPsum and one alpha gyPsum

(assurning Kerr 0rEho stone to be an alpha gyPsun).

Reference Eo Table V(c) (page 41) reveals 28 conblnatlons t,haE

lle outslde rhe requlrements, tnvolving 6 of rhe alginates and

6 of the gypsum products.

Prevlous workers, notably Morrow and colleagues (1971) had

noEed that all alglnates Eested were able to reproduce a 01075

mrD groove satlsfact.orlly aceordlng Eo Ehe A D A 18

speclftcation, and hence devised more strlct. oeEhods of

testlng. Thls study has done Ehe same, wlth Ehe alm of flndlng

superlor comblnatlons of alglnate and gypsun.
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The results show thaE tt ts posslble t.o concentraEe attentlon

on Ehe combinat.lon means obtalned, and to group those

coublnatlons showlng the best compaElblllty, as glven ln Tables

XIV and XV. Explanatlons have been glven as Eo why the

marglnal means should noE be used as a classlflcaElon (page 62)

as was used by drwall and Nllner (1973), and also as Eo why

conblned data per algtnate or per gypsun should also not be

used (page 66) as given by Morrow et al (1971).

That the uethods used here have shown a reflned dlscriminatory

capaclty can be seen by reference Eo Table V(a) showing those

comblnaclons that reproduced the 01050 mm lLn€r and comparing

1t with Table XV showlng Ehe best conblnatlons accordlng to

combLnat.lon ruean scores. Statlstlcal analysls also showed that

1t ls ltkely that the procedures adopted wl11 be repeatable,

and that stmllar resulEs should be obtalned.

Tables V(a) and XV have been reproduced on Ehe next t,wo pages.
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There are Eherefore grounds for considering Ehat the

requirements lald down by Ehe I S O SEandard could be

nodlfled. Flrstly, |t seems that reproducEion of the 01020 mrn

1lne may be Eoo fine a test. Secondly, the seuantlcs used for

evaluatlon are inpreclse: the Standardts relevant phrases are

"lmpart a smooth surface to" and "record Ehe flnest line

reproduced". Certalnly there must be a subjectlve

lnEerpret.atlon, but thls study has shown that there are ways of

Lncreasing the refinement of a subjective evaluation, and

statlstical analysls reveals thls to be efficaclous.

When alglnates were first developed, fixing solutions were

recommended, but it was not long before the manufacEurers

clained Eo have done away with Ehe need for surface treatmenE

(see section 3) and norJ none of the alginates Eested have

reconrmendations for the use of flxing solutlons, despite the

fact that studies such as this show up basic

incompatlbilltles. IE is, of course, exErenely difficult to

dlscover the mechanisms lnvolved in an incompat,lble reaction,

but the nature of the collold itself would seem to be the maln

culprit. (Although tt ls Lnteresting to note Ehat the surface

teatment with potassium sulphate consist.ently affected t.he same

Byps@r with two dlfferent alginates.)

This study did not tesE all combinations with fixing solutlons,

but used only certaln selected ones. Very contradicEory

results were obtained, but as explained in the results, it is

possible wlth Ehe analyses used ln thls study to dlscover
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cerEaln slgnlflcant lndlvldual changee. Thus the ilnproveoents

ln the combinaElon means of some of the alurtreated casts

would elevate them lnto the classificatlon as glven for

untreated casts (Table XV). None came close to belng lncluded

ln the 13-gtarr group, but the followlng comblnatlons would

flnd lncluslon ln the rone-sEarr group:

13Za1um+SSWhlte lzPt

132 alun * Colourget / Yettow stone

2% aLua + G-C Fast-set Technlcol / Peach stone

When compared to Ehe results obtalned ln terns of llne

reproductlon only, once agaln the refinement of the rnethods

used Ln thls study ls shown: of the 5 luprovements wlth alum

accordlng to llne reproductlon, only 3 were subsequently shown

to be slgnlflcant ln each group of 27"- and l3Z-treated

materlals.

Thus 1E 1s posslble to luprove certaln comblnations by surface

treaEnent, with certaln flxing solutlons, but the results

overall are rather alarmlng, for two reasons:

Flrstly, the potasslum sulphaEe-t,reated alglnates showed some

slgnlflcant changes for the gorse, as did the alun solutions

when used wlth an alglnate showlng a high degree of

cornpatlblllty (Blueprtnt). Thus one can by no means state Ehat

lf an lncompatlblllty exists lE can be lnproved by flxing

solutlons - Just whlch ftxlng soluElon and what concentrat,lon

uust be discovered.

Secondly, the most slgnlflcant lmproveEents ln the treated

alglnates were wlt,h a saturat,ed solutlon of alum; no studlee

https://etd.uwc.ac.za/



-85-

have been carrled out as to whether thls will cause any

dlrnenslonal change ln the alglnate ltself, nor over what perlod

of Elme lmmerslon ln the solutl-on is ldeal.

It therefore seens that, when Ehere are conpatlble comblnaElone

of alglnate and gypsun uaterlals avallable, lt would be foollsh

Eo rlsk trying to lmprove an lncompatlble conblnaEion.

Flnally lt ls worth norlng that Ehe figures for the

r3-starrgroup of cornblnatlons cotrpare very favouably with Ehe

coublnatLon rDeans for the elasEomerl.c uaterlals, whlch would

fall under thls group, wlth the exceptlon of the PerrulasEtc /

Peach stone conbinatlon whlch would be ln the tone-start

group. (These Eeans are recorded ln the appendtx).
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9 q)NCLUSIOTS

1. This srudy has consldered only the coupattbtllty of alglnate

lupresslon mat,erlals t,o gypsuo, and detatl reproduction.

2. A reflnernent ln the subJecttve evaluation of surface

charact,erlsttcs and detall reproducElon has been used and

shown to be effectlve.

3. Dlfferent brands of alglnate dlffer in their abllity to

reacE wlth gypstm products, and vlce-versa'

4. There are many conbinatlons of alglnate and gypsuu as tested

ln thls study thaE are tncompatlble.

5. Those coublnat,lons that are slgnlflcantly more comPatlble

should be considered ln choslng a uaterial for cllnical use,

bearing ln mlnd EhaE thls study has only tested one asPect

of many requlremenEs for an adequate oaEerlal.

6. The rnosE compatlble comblnatlons were all produced by the

alglnate Blueprint.

7. The use of ftxlng soluElons ls of dublous value.

8. Ir ts recomoended Ehat manufacturers pay more st.rict

adherence to the requlreoents of the ISO Standard, in

respecE of the requLrement governlng the availablllty and

recommendaEion of suitable compatlble gypsum Products.

9. ConslderaElon should be glven to modiflcaElon of Ehe ISO

Standard to be more reallstic ln lt,s denands, and more

dlscrininatlng ln lts evaluaElon procedures.
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APPE!II'f,X

Comblnatlon means of Inpregum and Permlastlc

Yellow
stone

Peach
stone Vel-Mlx

Iupregum

Perrnlastlc

3,250

5,375

4,375

5,750

4,25O
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FIG.ll. Blueprlnt and Plaster of Paris

Mean score: 315.

ELG.12. Kerr Algtnate and Peach stone.

Mean score: 610.
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FIG.13. Key-to-Alginate and Ortho stone

Mean score: 9r0.

EtG.14. S S White and Peach stone

Mean score: l2r0
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FIG.15. Colourgel and Yellow stone

Mean score: LzrO

FIG.16.

rsf,ryt

132 alun * Colourgel and Yellors stone

Mean score: 610
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ElG.17. Blueprlnt and Vel-Mlx

Mean score: 315

gfc.18.
./

13% alun * Blueprlnt and Vel-Mix

Mean score: 8r0
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An trreverslble hydrocolloldrs (alglnaters) conpaElblllty wtth

gypsutr and lts capaclty to record detalls and lmpart these to a

gypsurn cast, form one of Ehe requLreuents for certlflcatlon of

alglnate naterlals under varlous Standards. It 1s these

qualltles only EhaE have been looked aE in Ehis study.

The nethod used closely followed that laid down by

Internatlonal Standard ISO 1563-1978(E) for alginare impression

materials. Ten alginates and seven gypsuxl producEs were

tested. Using the criteria specifted by thls Standard, tt was

found thaE none of the oaterLals tesEed were able to record t,he

f lnest (0.020 nn) line on Ehe test block. However, trro

elasEomeric lmpresslon materlals tested ln the same manner also

falled to reproduce Ehls llne, as dld all the gypsrrn products

when tested dlrectly agalnst Ehe block. These flndlngs cast,

soue doubt on Ehe efflcacy of utlllslng such a flne ltne in Ehe

classlflcatlon of these materlals.

0n1y 34 of the 70 possible comblnatlons were able to reproduce

the 01050 mn llne. 8 conblnatLons reproduced the 01075 mn llne

as Ehe flnest llne, and the remalnder (38) falled to record any

of the llnes.

In order to dlsttngulsh between, and Eo claeslfy the coupatlble

conbinatlons, and ln order to provlde conflruatlon or otherwlse

that 1lne reproductton ls a sufflclenE requirenent per_ se, a

refinement was tntroduced.
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Thls was based on a slmilar procedure descrlbed by Morrow eE al

(1971) but dlffered ln several respects. By photographlng the

gypsum casts Ehrough a stereomLcroscope at constant

uagnlflcatlon and uslng a constant light source, lt was

posslble to produce a conslstent, photomLcrograph. The gypsun

casts were photographed wlth black-and-whlte fllu, and

hlgh-contrast prlnEs obtalned of the best-reproduced sectlon of

Ehe 01050 mm llne. These prints were then subjected to an

evaluatlon procedure uslng four evaluators who gave a score Eo

the quallty of reproduction of the line on a raElng scale of I

to 4. A11 prlnts were scored Ehree t,lnes by each evaluaEor,

and the sums of these three scores were subjected to

statlstical analysis.

The statlstlcal analysls showed thls procedure Eo be

conslstent, and Ehat lt could be expected t,o be repeatable. On

the basls of thls analysis, tt was found that one alginate was

clearly superior to all others, and that it was posslbe to

dlstinguish a further group of comblnations wlthln t,he group

that reproduced the 0r050 mm line.

Some of the alglnate uaterLals were treated with ftxlng

solutlons of varylng concentrations of potassluu sulphate and

alum. The results obtalned were varled, sometimes producing

uarked lmprovement, somettmes deterioraElon ln the surface

quallty of the subsequent gypsum casEs. None of the treated

materlals could be lmproved Eo Ehe extent of equatlng then with

the best of the naEurally compatible combinatlons.
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Finally lt ls recommended that manufacturers pay trore strlct
adherence to the requl.remenEs of che rsO standard wlth regard

to the avallabtllty and recomrnendatlon of sultable cornpatible

gypsun products, and also Ehat perhaps the act,ual standard

should be nodlfied to be more reallst,ic in lts denands, and

more dlscrlmlnatory in 1ts evaluatlon procedure.

https://etd.uwc.ac.za/


	Title page
	Declaration
	Acknowledgements
	List of Figures
	List of Tables
	Chapter one: Introduction
	1.2 Chemistry, Composition and Structure
	Chapter two: Dental Gysum Production
	2.1 Introduction 
	2.2 Chemistry and Structure
	Chapter three: THe interaction between alginate and Dental Gypsum
	Chapter four: The Assessment of Compatibility 
	4.1 Methods used and development of standardisation
	Chapter five: Materials used
	Chapter six: Methods
	6.1 Introduction
	6.2 Test block, moulds and classification requirements
	6.3 Methods: Phase 1
	6.4 Evaluation of casts
	Chapter seven: Results 
	7.1 Reproduction of lines
	7.2 Increased discrimination- Evaluation of prints
	7.3 Effects of surface treatment of alginates
	Chapter eight: Discussion
	Chapter nine: Conclusions
	Bibliography
	Appendices
	Summary



